We examined more than 2,800 human and animal sera for antibodies to four serogroups of Legionella pneumophila by using the microagglutination test. Antibody titers of .1:64 were considered positive. The occurrence of positive equine sera (31.4%) was significantly higher than the occurrence of positive sera in cattle (5. 1%), swine (2.9%), sheep (1.9%), dogs (1.9%), goats (0.5%), wildlife (0%), and humans (0.4%). The highest titer measured in horses was 1:512. The occurrence of positive sera in horses was related directly to age. In horses < 1, 2 to 3, 4 to 7, 8 to 12, and .13 years old, the percentages of positive sera were 0, 10.1, 30.3, 44.9 and 58.1%, respectively. When we compared age-specific serogroup-specific rates in horses from Colorado and Pennsylvania, we found differences. With horses 8 to 12 and -13 years old, there was a significantly higher (P < 0.05) occurrence of sera that reacted to serogroups II and III in horses from Pennsylvania. Of 242 positive sera, 43.8% reacted to a single serogroup (serogroup III or I most commonly), and 56.2% reacted to multiple serogroups (serogroups II and III or serogroups I, II, and III most commonly). A high percentage of seropositive horses suggested that horses are commonly infected with L. pneumophila or related organisms, and the age-specific rates of occurrence indicated that infection was related directly to duration of exposure. A definitive demonstration of equine infection will depend on isolation of the agent and repetition of this serological study with antigens obtained from organisms isolated from horses.
Legionella pneumophila is widely distributed geographically; it has been isolated in virtually all parts of the United States and in many other countries. Since the original description of Legionnaires disease in Philadelphia in 1977 (14) and the subsequent isolation of L. pneumophila from the lungs of individuals with fatal infections (19) , much has been learned about the natural history of this organism. L. pneumophila has been isolated frequently from the environment. Isolates have been obtained from soil (21) , and an epidemiological association with excavation was demonstrated during outbreaks in Pontiac, Mich. (15) , and at St. Elizabeth's Hospital, Washington, D.C. (28) . However, the evidence associating soil exposure with infection, obtained from serosurveys of construction workers, is equivocal (1, 26) .
Water may serve as a source of L. pneumophila infections, especially when contaminated water becomes aerosolized. This outbreak in Bloomington, Ind. (21) ; in other instances it was isolated from lake water (10, 11) and from the thermal effluent of a power plant (29) . This bacterium has been shown to have the ability to survive in tap water for at least 1 year (24) . Optimal conditions for aerosolization and dissemination of L. pneumophila occur when the organism becomes established in the contained water of air-conditioning cooling towers and evaporative condensers. Outbreaks of Legionnaires disease in Bloomington, Ind. (13) . The recent description of Legionnaires disease in two patients in a renal transplant unit exposed to contaminated shower water may aid in understanding the sporadic cases which occur in addition to common source outbreaks (30) .
The apparent ubiquity of L. pneumophila in the environment (10, 11) , the prevalence of an antibody to this organism in normal human populations (8, 12, 18, 23, 27) (9) , with minor modifications. The initial serum dilution used in this study was 1:2 instead of 1:4, 1:8, or 1:10 as described in previous reports (8, 18, 25) . Antigens for each strain of L. pneumophila were grown on charcoal-yeast extract agar instead of enriched Mueller-Hinton agar. Carbol fuchsin (final concentration, 0.002%) was used instead of safranin to increase the visibility of the agglutination reaction. All sera were tested against the four serogroups of L. pneumophila as follows: serogroup I, Philadelphia 1 strain; serogroup II, Togus 1 strain; serogroup III, Bloomington 2 strain; and serogroup IV, Los Angeles 1 strain. Positive control goat sera, supplied by the Centers for Disease Control, and negative control rabbit sera were tested against each new lot of antigen produced. Table 2 shows the distribution of antibodies to the four serogroups of L. pneumophila in several animal species and humans.
RESULTS
MA titers of .1:64 were considered positive, which is consistent with the criterion set by other workers with the MA test (9, 25) . The percentage of positive titers to L. pneumophila was significantly higher in horses than in the other species examined (P < 0.001; chi-square test) ( No. with antibodies to the following serogroups: (2, 6, 16, 18, 27 were positive to more than one serogroup. The two most common patterns of multiple serogroup reactions were reactions to serogroups II and III and reactions to serogroups I, II, and III. This finding is consistent with the findings of other workers, who have demonstrated both group-specific and common antigenic determinants on L. pneumophila (31) (32) (33) .
Domestic animal sera that reacted to only one serogroup reacted most frequently with serogroup III. Our data indicated that serogroup III Bloomington 2 strain or related L. pneumophila strains may be more prevalent in the environment of domestic animals than other L. pneumophila serogroups. The low frequency of individual serogroup reactions emphasizes the importance of using multiple serogroups in serological tests.
The increasing occurrence of L. pneumophila titers with increasing age indicates that (i) antibody is long lived, (ii) infection is persistent, or (iii) horses are repeatedly exposed to the agent and acquisition of the infection is related directly to the duration of exposure. The latter hypothesis appears to be most plausible, considering that the MA test for Legionella infection measures predominantly immunoglobulin M antibodies, as shown by 2-mercaptoethanol treatment of sera (7), and that immunoglobulin M titers are generally considered indicative of recent infection. Since immunoglobulin M is the predominant antibody measured, a question may be raised concerning its stability when it is frozen. Positive equine sera were tested both fresh and after freezing at -20°C. No effect on the levels of antibody were observed. Furthermore, equine sera frozen for approximately 5 years had the same level of seropositivity as fresh sera.
A definitive demonstration of equine infection with L. pneumophila depends on isolation of the agent. Currently, we are attempting to isolate L. pneumophila from horses with respiratory tract infections. Experimental infections of horse with L. pneumophila are also in progress.
